Anal continence and the act of defecation depend on a normal function of the rectum and anus and include a centrally integrated action of the autonomic and the somatic nerves.' Distension of the rectum elicits a contraction of the bowel and an internal anal sphincter relaxation. Provided that there is a concomitant relaxation of the voluntarily controlled external sphincter the bowel is thereby emptied. Studies in animals have shown evidence that the pelvic nerves also convey relaxatory fibres to the rectum which probably play an important role in the reception and storage of faeces and gas.2 These findings were made possible by using an 'isobaric volume recording' which had earlier been extensively used in studies of the reservoir function of the stomach and urinary bladder in animals and man.T he knowledge of the integrated control of rectoanal function in man is somewhat sparse. This is at least partly explained by the fact that most methods have been designed mainly to study the anal sphincters.'2 Consequently the part played by the rectum in continence and defecation is less well
SUMMARY A new technique for manovolumetric investigation of rectoanal function allowing for simultaneous recording of rectal volume, anal pressure and external sphincter EMG in response to graded rectal distension was developed. Distension pressure was generated by a water column between two reservoirs. Volume was recorded as shifts of water between the reservoirs. Anal pressure was recorded with a cylindrical balloon and electromyographic activity of the external sphincter by means of a needle electrode. It could be shown that although reduction of preset pressure was minimal, this factor had to be taken into account when rectal compliance is high. The position of the patients during the investigation has to be defined, because rectal volume changed with body position. Pull through studies of anal pressure indicated low sensitivity to displacement of the cylindrical anal probe. A pressure adaptation to the anal probe during eight minutes was noted. Representative recordings of the anorectal response to different isobaric pressures are presented. The present system offers new possibilities for investigation of rectoanal physiology in man.
Anal continence and the act of defecation depend on a normal function of the rectum and anus and include a centrally integrated action of the autonomic and the somatic nerves.' Distension of the rectum elicits a contraction of the bowel and an internal anal sphincter relaxation. Provided that there is a concomitant relaxation of the voluntarily controlled external sphincter the bowel is thereby emptied. Studies in animals have shown evidence that the pelvic nerves also convey relaxatory fibres to the rectum which probably play an important role in the reception and storage of faeces and gas.2 These findings were made possible by using an 'isobaric volume recording' which had earlier been extensively used in studies of the reservoir function of the stomach and urinary bladder in animals and man.T he knowledge of the integrated control of rectoanal function in man is somewhat sparse. This is at least partly explained by the fact that most methods have been designed mainly to study the anal sphincters.'2 Consequently the part played by the understood. The aim of the present study was therefore to design a method for rectoanal manometry allowing for a detailed assessment not only of the anal sphincter function but also of the dynamic functional performance of the rectum as regards storage and expulsive function and the rectal interaction with the sphincter muscles.
Methods

TECHNICAL DESCRIPTION
The rectoanal manovolumetry device consists of three main units, one reflecting rectal volume, also providing continuous rectal distension at constant pressure, a second unit recording anal pressure, and a third monitoring EMG signals from the external anal sphincter.
Rectal volumetry and distension
The unit for rectal volumetry and distension appears in Figure 1 (id 12 mm, length 100 cm) to an air reservoir with a similar surface area and a volume of 600 ml. The air reservoir is connected, through a T-piece, to a rectal balloon by means of a non-distensible plastic tube (18 Ch, id 4 mm, the air tube). The system is closed by clamping the air tube. The rectal balloon is a high compliance, thin wall (0.025 mm) disposable polyethelene bag which is hermetically tied to the air tube. The balloon has a length of 120 mm when deflated and 100 mm fully inflated. Its maximum volume is 500 ml.
When the water reservoir is raised above the air reservoir a pressure is generated in the air compartment of the air reservoir. This pressure is equal to the difference of level between the surfaces of water in the two reservoirs and is conveniently expressed in cm H20 (conversion factor 0.098 k Pa). When the air tube is opened, water flows into the air reservoir and air is expelled into the rectal balloon. The signal of concomitant weight change of the water reservoir, reflecting the volume of air in the rectal balloon (1 g water is set equal to 1 ml air, see below) is amplified (Grass, model 7 DAG) and recorded on a Grass Polygraph (model 7D Effects of the physical properties of the device on recorded volume Another error of recorded volume might be induced by inertia of the water in the reservoirs and in the tubings, by resonance of the water column and the air compartment and by temperature changes of the gas in the rectal balloon. Details of the relation between dynamic rectal volume recording and the actual expansion of the balloon are shown in Figure 3a .
On unclamping the air tube, air instantaneously entered the rectal balloon which was recorded as an acute pressure rise in the rectum (Fig. 3b) . Because of the inertia of the water column this initial short lasting inflation was not recorded as a weight change of the water reservoir. The time to reach a stable distension pressure (recorded from the air reservoir) was consistently less than 4 s (Fig. 3b) . When the stable distension pressure level is reached the volume record reflects the true amount of air in the rectal balloon.
The dynamic response characteristics of the volumetric system were assessed in an in vitro model using imposed sinusoidal waves from a sine-wave generator (Exact, model 508, Log Sweep Function Generator). The natural frequency of the volumetric system was found to be 0.4 Hz. The phase lag at 0-15 Hz, which corresponds to the highest frequency recorded from the rectum,'3 was 0X5 s. This indicates that pressure changes recorded from the anal canal, by the anal probe (instantaneous reaction)'4 are observed approximately half a second ahead of simultaneous volume events recorded from the rectum.
The expansion of the gas in the air reservoir caused by loss of the preset pressure is approximately 011%/cm H20 and is partly counteracted by compression of the air in the air tube distal to the clamp. This causes a negligible deviation from the assumption that loss of 1 g water from the water reservoir equals expansion of the rectal balloon with 1 ml air. The volume error caused by temperature changes of the gas in the rectal balloon was studied in a climate chamber and was found to be consistently less than 2 ml. A minor deviation from a systematic error can be expected since a small volume of air is heated faster than a large volume. For instance 100 ml air in the rectal balloon was calculated by Charles' law to expand 1-3 ml when exposed to 37°C during one minute whereas 300 ml expanded 3.6 ml under the same circumstance. The deviation from a systematic error was thus only 0-3 ml.
Effect of body position
The effect of body position on rectal volume record during graded distension was investigated in nine volunteers. The subjects were investigated in the left lateral position and in the supine position on separate occasions. Rectal volume after 60 s of graded distension was recorded (Fig. 4) . Cuff volume (ml) Effects of incrementalfilling of the anal probe To study the influence of graded filling on the pressure measured from the anal canal/anal probe pressure was measured during intermittent infusion of water (0-7 ml, 1 ml/min) in five subjects. This procedure was repeated with the anal probe in open air. As is shown in Figure 5 , a significant contribution to the recorded pressure from the walls of the anal probe occurred when filling exceeded 3 ml. It was therefore decided to use 2 ml water in the anal cuff.
Position of the anal probe The importance of the position of the anal probe on the anal pressure record was studied by a pullthrough procedure. developed by Martinsson in 1965 in an experimental study of gastric motility4 and by Sundin and Carlsson in 1972 in an investigation of feline urinary bladder motility.5 In these studies fluid was used for volumetry and distension which may be unsatisfactory because of resistance to flow but appropriate when small fluid shifts are recorded. The present method uses a water column for creating pressure and air as distension medium, a combination that is attained by adding an air reservoir to the distension system (Fig. 1) . This type of system is similar to that developed by Jahnberg et al in 1975.3 Resistance to flow is thereby minimised and so are also the effects of fluid mass and temperature on the rectal wall.
In standard methods for rectoanal manometry rectal distension is accomplished by predetermined, usually incremental, filling of a latex rectal balloon with air or fluid. Rectal pressure and motility is therefore not directly available as a pressure may be generated in the walls of the balloon. lhre' circumvented this limitation by determinating 'true' rectal pressure for different volumes. This was accomplished by subtracting balloon pressure in open air from the balloon pressure in the rectum. This calculation eliminated the pressure generated by the tension in the balloon. A similar subtraction method was used by another group in studies of elastic properties of the rectal wall.'6 This method for rectal volume recording appears unreliable and inexact for a dynamic volume record as balloon tension changes with volume and hysteresis cannot be excluded. In the present system no tension is created in the walls of the balloon in the interval 0-500 ml and the distension pressure is transferred entirely to the rectal wall. This is in accordance with the objectives of Hightower et all'5 who purposely changed the 'rigidity' of the sensing balloon to mimic the physical properties of the intestinal contents. Another advantage to the present system is that it is more sensitive to pressure changes than the conventional isometric pressure recording technique.
A disadvantage to the present system is that the reduction of pressure induced by shifts of water between the two reservoirs tends to decrease the preset distension pressure and rectal volume is therefore consistently underestimated. This error is not systematic but depends on the individual rectal compliance. According to the results given in the Table, however, the volume error is small and can be disregarded in the major pressure interval from 15 cm H20 upwards. A technically more sophisticated system for volume recording has recently been developed by Azpiroz and Malagelada,`' which creates an almost perfect isobaric condition by using a barostat, and this may be adopted to rectoanal motility studies.
We conclude that for clinical use reduction of preset pressure must be accounted for when large rectal volumes are obtained at low distension pressure. Moreover, body position is important as the pelvic hydrostatic counterpressure is increased in the supine position. Therefore the position of the patient must be defined to allow for interindividual and intra-individual comparison. The predominant system used for anal pressure recording is the balloon or cuff system, to which the present system should be referred. The most well known and often used is the tandem balloon device originally designed by Schuster.'2 Several variations of this system are presently in use, containing one or two balloons, small or large balloons and cylindrical cuffs or spherical balloons. The present system uses a comparatively long cylindrical cuff consistent with a design previously used by others.8 From a theoretical point of view, a long cylindrical cuff inflated with a small amount of fluid that does not stretch the cuff membrane would record an average pressure from the part of the anal canal in which the cuff resides. The pull through analysis done in the present study supports this view and showed that a pressure plateau is obtained with only minor variations caused by changing the position in the anal canal. We also found that the pressure recorded during pull through was consistently higher than that recorded from the finebore open tip catheter, used for comparison. This observation is in agreement with earlier studies which show that the anal pressure record increases proportionally to the diameter of the probe. "23 Those in favour of the tandem system of balloons claim that internal sphincter activity can be distinguished from activity in the external anal sphincter because of the spatial displacement between the two muscles.679 0 1222 Support for this claim by the simultaneous recording of EMG bursts and distal balloon pressure increase has been published.24 In the present method we choose to record external sphincter EMG and anal pressure, as generated in external and internal anal sphincter. The contribution of the striated sphincter is qualitatively reflected from the simultaneous EMG recording.
In the present investigation a significant drop in anal pressure was uniformly recorded the first minutes after introduction of the anal probe. This is an observation that has been given little attention previously,25 but appears to be of great importance for the reproducibility of anal pressure recordings, when probes of large diameters are used.
In summary we claim that the cylindrical cuff probe for anal pressure recording is insensitive to axial orientation and has a tolerance for longitudinal displacement amounting to ±0-5 cm. It records from the external and internal sphincter and the relative variation in external sphincter activity is disclosed by the EMG. Anal adaptation to the probe necessitates at least eight minutes of recording before relevant readings can be achieved. Access to the rectum through the lumen of the endotracheal tube is considered an advantage as is the disposable nature of the equipment.
REPRESENTATIVE REGISTRATION
As is shown in Figure 8 , the rectoanal inhibitory reflex is readily elicited and visualised using the present method. The initial increase in EMG-activity corresponds to a shortlasting pressure increase preceding the inhibition, which is in concert with earlier observations.9 A possible source of error in the manometric diagnosis of Hirschsprung's disease is avoided by the present isobaric system. In patients with a megarectum inflation of standard increments of volume into the rectal balloon may fail to elicit the rectoanal reflex. This risk is obviated when the distension pressure is kept constant and the volume is allowed to vary as was previously stated. 26 A shortlasting decrease of rectal volume which followed the initial volume expansion at rectal distension most likely represents a reflex contraction of the rectum. A reflex contraction has been observed earlier as a transient pressure increase on incremental rectal filling.'627 In our healthy subjects only minimal motility was seen after the initial contraction. This is in contrast with that found at distension of any other part of the small and large bowel (unpublished observations). A 'receptive relaxation' has been suggested to exist in the rectum2 and the absence of motor activity on prolonged distension may be an expression of rectal receptive relaxation. We believe that the present method is suitable for further studies on rectal motility and volume adaptation.
